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0 Battery monitoring system and battery pack. 



® The residual power of a battery (35) can ac- 
curately be displayed in real time even in electronic 
equipment which has greatly variable cunrent con- 
sumption. A calculator unit (32) in a battery pack 
(31) measures an electric current supplied from a 
capacitor unit in the battery pack (31) to the main 
body (10) of a note type personal computer. If the 
measured current value Is within a preselected 
range, it is used to calculate the residual power of 
the battery (35). If the measured current value is out 
of the preselected range, the present operational 



mode of the main computer body is judged on a 
mode display data cbt^ned from an operational 
mode control circuit (21) In the main computer body. 
A preselected current consumption corresponding to 
the judged operational mode is read out of a mode 
table (33) in the battery pack (31) and is used to 
calculate the residual power of the battery (35). The 
calculated residual power of the battery (35) Is sup- 
plied to the operational mode control circuit (21) as 
residua) power data which may be displayed on a 
sub LCD (11) in real time. 
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BACKGROUND OF THE INVENTION 

Raid of the Invention: 

The present invention relates to an electronic 
equipment suitable for use in personal computers 
and the like and particularly to a system for moni- 
toring the residua) power of a battery in a battery- 
powered device. 

Technical Background: 

Recently, many noto type battery-powered per- 
sonal computers have been developed in the field 
of small-sized electronic equipment. When the ba^ 
tery power is consumed in such a device during 
operation, it will lead to serious problems in that 
the program and data are destroyed. To avoid such 
serious problems, means for monitoring the resid- 
ual power of the battery is required. The prior art 
has proposed a method of providing a battory 
monitoring program stored in the device itself to 
monitor the operation of the device while calculat- 
ing (ho residua) of the battery at all times. However, 
it was difficult for such a battery monitoring pro- 
gram to indicate the residual of the batter/ in real 
time. 

In an equipment having a substantially constant 
current consumption such as a battary-powered 
razor, the residual of the battery can be calculated 
and indicated by a microcomputer mounted in the 
interior of a battery pack and adapted to detect the 
flow of electric current, in another equipment hav- 
ing a current consumption van'able over a large 
range (e.g. a range between 100 milliamperes and 
several amperes) such as a note type personal 
computer, the electric cunfont could not accurately 
be measured throughout its operational range even 
If It Includes such a microcomputer as described 
above. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a battery monitoring system which can 
accurately indicate tho residual power of a banery 
in real time even if it is used in electronic equip- 
ment having a greatly variable current consump- 
tion. Ar^other object of the present invention is to 
provide a banery pack which can be used In con- 
junction with such a battery monitoring system. 

In one aspect of the> present Invention, a bat- 
tery monitoring system may comprise a battery for 
supplying an electric cunrent to various parts In an 
electronic device, means for measuring the current 
consumption in the electronic device and calculat- 
ing means for calculating th rosidual power of said 
battery on a measurement from said measuring 
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means if the measurement is within a given range 
and for calculating the residual power of said bat* 
tery on a preselected current consumption cor- 
responding to the operational mode of the device If 
said measurement is out of said range. 

The battery monitoring system can calculate 
the residual power of said battery on a measured 
current if the measured current Is within a given 
range and on a preselected cun^nt consumption 
corresponding to the present operational mode of 
the device if the measured cunrent Is out of said 
range. 

In another aspect of tho present invention, 
there is provided a battery pack detachably moun- 
ted within an electronic equipment and adapted to 
Supply an electric current into the electronic equip- 
ment The battery pack comprises a battery for 
supplying an electric current to the electronic 
equipment, means for measuring the electric cur- 
rent supplied from the capacitor unit to the eleo- 
tronic equipment, a mode table for correlating tho 
oporational mode of the electronic equipment with 
a current consumption in that oporational mode, 
and means for calculating the residual power of 
said battery on a measurod value from said mea- 
suring means if the measured value is within a 
given range and for reading a cunt^nt consumption 
corresponding to the information of operatk>nal 
mode provided by the electronic equipment from 
said mode table to calculate the residual power of 
the battery on the read current consumption if the 
measured value in the measuring means Is out of 
said range. 

The battery pack can perform the processing 
operation through the calculating unit mounted 
therein in the same manner as in the aforemen- 
tioned battery monitoring system 

In still another aspect of the present invention, 
the battery monitoring system further comprises a 
display in the electronic equipment, the display 
being adapted to indicate the residual power of the 
battery periodically calculated by said calculating 
means In real time. 

The battery monitoring system can cause the 
display mounted in the electronic equipment to 
indicate the residual power of the battery periodi- 
cally calculated by the calculating means in real 
time. 

In a further aspect of the present invention, the 
battery pack further comprises a display In the 
external surface of the battery pack exposed when 
it is mounted in the electronic equipment the dis- 
play being adapted to Indicate the residual power 
of the battery periodically calculated by said cal- 
culating means in real time. 

The battery pack can cause the display moun- 
ted in the externally exposed surface of the battery 
pack b Indicate the residua) power of the battery 
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poriodically calculated by the calculating means In 
real time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a block diagram lliustraiing the prh 
nruury parts of a note type personal computer in- 
cluding a battery monitoring system to which one 
embodiment of the present invention is applied. 

Fig. 2 is a perspective view Illustrating the 
outline of the note type personal computer. 

Fig. 3 is a block diagram illustrating the internal 
arrangement of the battery pack shown in Fig. 1 . 

Fig. 4 illustrates the contents of the mode table 
shown in Fig. 2. 

Fig. 5 is a flowchart illustrating the processino 
in the calculating unit shown in Fig. 3. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will now be described 
with reference to the accompanying drawings 
which illustrate one embodiment of the present 
Invention applied to a note type personal computer 
as an electronic equipment. 

Fig. 1 shows the primary parts of the note type 
personal computer to which one embodiment of the 
present invention is applied while Fig. 2 shows the 
outline of the note type personal computer. 

As can be seen from Fig. 2, the main body 10 
of the note type personal computer includes a 
push-button type momentary actuator switch 12 at 
the front face thereof. Each time the switch 12 Is 
depressed, the personal computer can be switched 
from a normal operation mode to a suspended 
mode in which various parts in the personal com- 
puter are interrupted in operation and placed In a 
sleep state or vice versa. The personal computer 
also includes an openable screen panel 16 having 
a large-sized liquid crystal display (hereinafter 
called **maln LCD") 14. The main LCD 14 is adapt- 
ed to irxjicata input data from a key t>oard 13 and 
data generated in the interior of the personal com- 
puter. The personal computer further Includes a 
small-sized sub LCD 11 disposed independently of 
the main LCD 14. The sub LCD 11 is adapted to 
indicate such system information as will be de- 
scribed later. 

The personal computer may be powered by an 
electric current supplied thereinto from a battery 
pack 31 which Is detachably mounted within the 
personal computer through the side opening there- 
of. 

Referring now to Fig. 1, the main body 10 of 
the personal computer comprises an operational 
mode control circuit 21 for controlling the current 
consumption at various devices wHhin the personal 



computer in the suspend mode and for controlling 
the sub LCD 11 through an LCD driver 28. The 
devices within the personal computer may Include 
the main LCD 14, a hard disc (HD), a nf>ain CPU 

6 and others. The operational mode control circuit 21 
is connected to the actuator switch 12. When the 
actuator switch 12 is depressed in the norma) op- 
eration mode, the operational mode control circuit 
21 may perform a given control for shifting the 

10 normal mode to the suspended mode. In the sus- 
pended mode, the main LCD 13 is turned off. the 
hard disc motor is stopped and the main CPU is 
placed in its hokl state. The contents in the main 
memory (RAM), vkleo memory (VRAM) and others 

IS as well as the necessary and minimum logic can 
be backed up by the battery. The operational mode 
control circuit 2i generates a mode display data 26 
indicating whether the personal computer is In the 
normal operation mode or suspended mode. The 

20 mode display mode 26 is supplied to the battery 
pack 31. 

The personal computer further includes main 
and sub power supplies 23 and 24 each of which is 
adapted to output a constant DC voltage by the 

25 use of the battery pack 31 as a source of energy. 
The sub power supply 24 Is adapted to back up 
the operational mode control circuit 21 at all times 
independently of a power switch (not shown). The 
main power supply 23 begins to supply the electric 

so power to various computer parts when the power 
switch is actuated. 

Fig. 3 shows the Internal details of the banery 
pack 31. A current detecting resistor 36 is con- 
nected between the plus and minus output termi- 

St; nals of the battery 35. A voltage across these 
terminals is converted into a digital value by an 
analog/digital (A/D) converter 34» the digital value 
being then supplied to a calculator unit 32. The 
calculator unit 32 is operated with a predetermined 

40 clock frequency (e^. 32 KHz) which is provided by 
an oscillator 38. The calculator unit 32 calculates 
an electric current flowing through the current de- 
tecting resistor 36. based on the digital value from 
the A/D converter 34. The calculator unit 32 per- 

45 forms a processing operation on the calculated 
current value. More particularly, if the detected 
current is equal to or higher than a given level (in 
this embodiment, its minimum measurable limit 
t>eing 50 milliamperes. for example), the calculator 

60 unit 32 calculates the residual energy in the capaci- 
tor unit 35 on the detected current value. If the 
detected current value is lower than the given level, 
the operational mode control circuit 21 in the main 
body 10 of the electronic equipment reads a cur- 

55 rent consumption corresponding to the mode dis- 
play data 26 provided through an interface (i/F) 37 
out of a mode table 33. Based on the read current 
consumption, the residual energy in the capadior 
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unit 35 may be calculated by the calculator unit 32. 
l>d calculated value will be outputted through the 
interlace 37 in the fonn of 5-bit residue data 25. 

Fig. 4 shows the contents of the mode table 
33. As soon from Fig. A, the mode display data 26 
Irom the operational mode control circuit 21 in the 
main computer body 10 is represented by three 
bits which can be combined to sot eight operational 
modes, in this embodiment, there are three oper- 
ational modes, that is, a suspended mode used to 
limit the cunBnt consumption In the personal com- 
puter at each device: a main power-off mode used 
to cause only the sub power supply 24 in the 
operational mode control circuit 21 to operate and 
to stop the main power supply 23; and a normal 
operational mode used to initiate the main and sub 
power supplies 23. 24 simultaneously. In the sus- 
pended mode, the current consumption may be 
equal to 10 milliamperes. In the main power-off 
mode, the current consumption may be equal to 
zero. 

Referring also to Fig. 5. the operation of the 
note type personal computer will be descrit>ed. The 
operational mode control circuit 21 in the main 
computer body 10 controls the operatlorw! modes 
in the personal computer and outputs the mode 
display data 26 corresponding to the present mode 
in real time. The calculator unit 32 in the battery 
pack 31 measures an electric current value Im 
suppfied from the capacitor unit 35 to the main 
computer body 10, based on the differential poten- 
tial from the A/D converter 34 (step $101). if the 
measured current value is equal to or higher than 
50 mlKiamperes (step Si 02: N), the measured cur- 
rent value 1m is taken as a cun'ont consumption 1 
(step SI 07) which 1$ In turn used to calculate the 
residual energy in the capacitor unit 35 (step 
SI 05). The current value actually measured may 
broadly range between one mllllamperos and about 
2.3 amperes. However, the current value cannot bo 
accurately measured if It is below 50 milliamperes, 
as descrik>ed. 

It is now assumed that a processing cycle 
(Si 01 -SI 06) in the flowchart of Fig. 5 is 10 Mil- 
liseconds. TTie calculator unit 32 calculates a new 
residual value B which is obtained by subtracting a 
value (0.1 seconds X 1 amperes) from the original 
(previous) residual value B. 

If the measured value Im is lower than 50 
milliamperes (step Si 02: Y). the calculator unit 32 
judges that the measurement Is Impossible and 
takes the mode display data 26 to read a preselec- 
ted current consumption corresponding to the 
mode display data 26 out of the mode table 33 
(stop Si 04). For example, if the mode display data 
26 is "01 r. the calculator unit 32 judges that the 
present mode Is tho suspended mode and deter- 
mines thai ihe curreni consumpilon 1 !s equal io 10 



milliamperes. Based on the determined value, the 
same calculation as In the step SI 05 will be per- 
formed to determine the residual value B. 

The calculator unit 32 feeds the resulting resid- 
G ual value B to the operational mode control circuit 
21 in the main computer body 10 as 5-blt data 25 
(step S106). 

Tho operational mode control circuit 21 In the 
main computer body 10 outputs the residual data 

10 25 from the battery pack 3i to the LCD driver 28. 
the residual data 25 being thus displayed on the 
sub LCD 11. Such a cycle of operations is carried 
out for each period of 100 milliseconds as de- 
scribed. TTierefore, the residual energy in the t>at- 

T5 tery pack 31 may be displayed on the sub LCD n 
in real time. 

Although the preferred embodiment has been 
described as to the sub LCD 11 in the main com- 
puter body 10 for displaying tho residual power the 

20 battery, the present invention is npt limited to such 
an arrangement, but may be applied in various 
modifications, for example, in which the residual 
power of the battery is displayed on pan of the 
main LCD 14 or in which a small-sized LCD is 

2s disposed on the external face of the battery pack 
31 exposed when it is mounted in the main com- 
puter body. 

Where the residual power of the battery is to 
be displayed on the main LCD 14. however, it may 

30 be switched off in the suspend mode. It is therefore 
more desirable that the residual power of the bat- 
tery is displayed on the sub LCD in the main 
computer body or the LCD on the external surface 
of the battery pack. 

06 As will be apparent from the foregoing, the 
battery monitoring system or battery pack of the 
present invention can calculate the residual power 
of said battery on a measured current if the mea- 
sured current is within a given range and on a 

40 preselected current consumption corresponding to 
the present operational mode of the device if the 
measured current is out of said range. Therefore, 
the residual power of the battery can accurately be 
grasped even in electronic equipment which has 

4S greatly variable current consumption. 

Furthemiore. the residual power of the battery 
can be periodically calculated and displayed on the 
main computer body In real time. The user can 
always grasp the residual power of the battery 

60 which is variable, from time to time. 

Claims 

1. A battery monitoring system comprising a bat- 
ss tery (35) for supplying an electric current to 

various parts in an electronic equipment 
means (36, 34) for measuring the current con- 
sumpb'on In iho olecironic device and calculai- 
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ing means (32) for calculating the residua) en* 
ergy of said battery (35) on a measurement 
from said measuring means (36, 34) if the 
measurement is within a given range and for 
calculating the residual energy of said battery 6 
(35) on a preselected current consumption cor- 
responding to the operational mode of the de- 
vice if said measurement is out of said range. 

Z A battery monitoring system as defined in io 
claim 1.^ further comprising a mode table (33) 
in which a preselected current consumption 
has been registered for each operational mode 
and wherein said calculating means (32) deter- 
mines a currant consumption in the present tg 
operational mode with reference to said mode 
table (33). 

3^ A battery monitoring system as defined in 
claim 2 wherein the operational modes cor- 
responding to the preselected current cort- 
sumptions registered in said mode table (33) 
include at least a suspended mode In which 
the current consumption in the equipment at 
each device is limited, a main power-off mode 
in which the main power source in the equips 
ment Is turned off and a normal mode in which 
main and sub power supplies are turned on 
simultaneously. 

4. A battery monitoring system as defined in 
claim 1. wherein said calculationg means (32) 
includes means for judging whether or not the 
measurement at said measuring means (36. 
34) Is within said given range. 

5. A battery monitoring system as defined in 
claim 1 wherein said calculating means (32) 
includes means for taking a mode data indica* 
tive of the present operational mode in the 40 
equipment 

6. A battery monitoring system comprising a bat- 
tery for supplying an electric cunrent to various 
parts In an electronic equipment, means for <s 
measuring a current consumption in the equip- 
ment means for judging whether or not the 
measurement at said measuring means is with- 
in a given range, a mode table in which a 
preselected currant consumption has been so 
registered for each operational mode, means 

for generating a mode data indicative of the 
present operational mode in the equipment 
means responsive to the mode data from said 
mode data generating means for determining a ss 
cun-ent consumption corresponding to the 
present operational n)ode with reference to 
said mode table, and means responsive io the 



judgment from said judging means for calculat- 
ing the residual energy of the battery on either 
the current consumption in the equipment 
measured by said measuring means or the 
current consumption determined by said deter- 
mining means. 

7. A battery monitoring system as defined in 
claim 1. further comprising a display in the 
electronic equipment, the display being adapt- 
ed to indicate the residual energy of the bat- 
tery periodically calculated by said calculating 
means in real time. 

& A battery monitoring system as defined in 
claim 7 wherein said display includes an exclu- 
sive display device disposed independently of 
a main display device. 



of said battery (35) on a measured value from 
said measuring means (36. 34) if the measured 
value is within a given range and for reading a 
cunrent consumption corresponding to an oper- 
ational mode data provided by the electronic 
equipment from said mode table (33) to cal- 
culate the residual of the battery (35) on the 
read current consumption If the measured val- 
ue in the measuring means (36, 34) is out of 
said range. 

11. A battery pack as defirved in claim 10» further 
comprising a display in the external surface of 
the battery pack (31) exposed when it is moun- 
ted in the electronic equipment the display 
being adapted to Indicate the residual energy 
of the battery (35) periodically calculated by 
said calculating means (32) In real time. 

12. A battery pack as defined in claim 11 wherein 
said display includes a liquid crystal display 
device. 



20 9. A battery monitoring system as defined In 
claim 7 wherein said display includes a liquid 
crystal display device. 

10. A battery pack (31) detachabiy mounted within 
2$ an electronic equipment and adapted to supply 
an electric current into the electronic equip- 
ment said battery pack (31) comprising a bat- 
tery (35) for supplying an electric current to 
the electronic equipment means (36. 34) for 
30 measuring the electric current supplied from 
the battery (35) to the electronic equipment, a 
mode table (33) for correlating the operational 
mode of the electronic equipment with a cur- 
rent consumption in that operational mode, and 
95 means (32) for calculating the residual energy 
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